The Hirota equation is solved using the lattice-Boltzmann technique and a d1q3 lattice velocity scheme. Also, we use a solitary wave method, called exponential function, finding several families of solutions. Those nonlinear solutions show the superposition soliton-like behaviour.
Introduction
In nonlinear dispersive media, Hirota equation (HEq) [1] , has become in a very important analytical tool [2] - [3] . On the one hand, lattice Boltzmann (LB) has revealed itself as a very innovative and versatile technique. LB has been applied to fields of research as diverse as quantum theory till complex flows [4] - [5] . Also, LB has proved success in order to find solutions, among others, to KdV equation [6] and Poisson equation [7] . On the other hand, solitary wave methods have been extensively applied successfully to nonlinear differential equations. In particular, we are going to use the exp method [8] .
We apply the lattice Boltzmann method in order to solve the HEq. In section (2), we present the lattice-Boltzmann technique. In section (3), we show the moment relations of the distribution functions in order to deduce the HEq. In section (4), we get the equilibrium distribution functions for the d1q3 lattice velocity scheme. In section (5), we obtain some families of solutions applying the exp function method to the HEq. At last, in section (6), we give results and conclusions.
The lattice Boltzmann model
The lattice Boltzmann equation is [4] - [5] :
Here f is the distribution function, v the velocity, x the position, t time, ∆t is the time step, and the subscripts i and j accounts for the number of vectors velocity basis and the number of distribution functions, respectively. ω j,l (x, t) [9] , is known as the source term and the Ω j,l (x, t)) is called the B.G.K. approximation [10] , which is:
The equilibrium distribution is given by f eq j,l (x, t) and τ is a nondimensional relaxation time. Expanding in a Taylor series, the distribution functions, up to order third, are:
Doing a perturbative expansion of the equilibrium distribution, in powers of , we get:
And assuming:
Where the temporal scales are defined as:
And the perturbative expansion in parameter of the temporal derivative operator
The extra term ω j,l is chosen at second order in 2 to be at the same temporal scale of the diffusive processes [9] , therefore:
Replacing eqs. (4) and (7) in eq. (3), and expanding perturbatively in orders of the parameter. We get at first the next set of equations:
At second order in
And the third order in ,
The moments of the distributions
The moments of the distribution are:
Where φ f l correspond to the microscopic fields of the physical system and δ ij is Kronecker's delta.
The Hirota Equation
Then, summing on j in eq. (9), we obtain:
Taking into account eqs. (12)- (13), we have:
And now summing on j in eq. (10) and multiplying by
And using the equations (12)- (13) and (18), we have:
Using eq. (16) we have in eq. (20)
Summing eqs. (18) and (21), we obtain:
And using eq. (7), at second order, we obtain:
Now using eqs.(14-15)
If we define:
Where (b + 1) is the number of vectors in the vector basis. Also, if we define (φ f 1 , φ f 2 ) → (φ r , φ c ), their real and imaginary components, j S j,1 = mS r , and j S j,2 = mS c , the real and complex sources terms, respectively. Then, eqs. (24) and (25) are:
Defining the real and complex sources terms mS r and mS c as:
Then, putting it all together in eqs. (27-28), and defining φ = φ r + iφ c , it can be shown that:
Which is the Hirota equation [2] . 
The distribution function
We use a d1q3, see figure (1), one-dimensional velocity scheme with e α = {0, c, −c}, [4] , [6] - [7] . Then, the one particle equilibrium distribution function is defined as:
6 Exp-Function method Let us consider solitary wave solutions of Hirota equation, eq. (31), and we are going to apply the Exp-function method, presented in reference [8] . It is assumed that the solution can be given as:
Therefore, we suppose a solution like:
The temporal and spatial derivatives are:
Then eq. (31) become:
And replacing in eq. (34) in eq. (36)
Then, we obtain
Replacing eq. (41) in eq. (38)
Replacing eq. (41) in eq. (40)
On the other hand, from eq. (39), and from eq. (38)
Replacing eq. (44) in eq. (40)
And now replacing eq. (??) in eq. (40)
Therefore, we get five sets of solitary wave solutions for equations (34). 
Conclusions
Figure (2) shows the temporal evolution of two initial colliding exp pulses, for the φ field, using the lattice-Boltzmann technique and presenting the appearing and reappearing process, characteristic in nonlinear solitary wave phenomena. ; ξ = kx + wt + δ
Then, this work presents two new solutions provided by the lattice-Boltzmann and the Exp-Function method, applied to the HEq in one dimension. We find five families of solutions using the solitary wave method.
